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Abstract: Global navigation satellite systems (GNSS), with all-weather operation, high accuracy, and
high spatiotemporal resolution, have become an important technique for atmospheric sounding and the in-

vestigation of atmospheric effects. In recent years, with the rapid development of artificial intelligence (A),
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Al=driven research on GNSS atmospheric effects has emerged as an important frontier at the intersection of
satellite navigation and atmospheric science. Focusing on the modeling, prediction, and applications of
GNSS atmospheric effects, this paper systematically reviews recent advances in Al-based modeling and
prediction of key atmospheric parameters, including zenith total delay, zenith wet delay, slant path delay,
precipitable water vapor, ionospheric total electron content, electron density, and ionospheric scintillation.
Applications of Al to two-dimensional water vapor modeling, three-dimensional reconstruction of water
vapor and electron density structures, high—precision GNSS positioning, and severe precipitation nowcasting
are further summarized and analyzed. Existing studies show that AT exhibits strong capabilities for nonlinear
modeling and prediction of atmospheric parameters under complex atmospheric conditions. However, sev-
eral challenges remain, including strong dependence on the quality and representativeness of training data,
limited physical interpretability, high computational costs of complex deep learning models, and insufficient
generalization over long time spans and during anomalous events, indicating that a gap still exists between
current research and practical engineering applications. Future studies should strengthen the coordinated use
of multi—source observations, including ground-based GNSS, GNSS radio occultation, satellite altimetry,
and radiosonde measurements, to construct high—quality datasets; incorporate physical constraints associat-
ed with GNSS signal propagation and atmospheric parameter inversion to improve modeling reliability; and
develop transfer learning, self-supervised learning, and domain adaptation methods to enhance model gen-
eralization and adaptability under data—scarce and complex conditions. In addition, evaluation systems
oriented toward practical applications should be further improved to establish an integrated chain of real—-
time monitoring, intelligent prediction, error correction, and positioning or meteorological applications,
thereby supporting high—precision positioning, space weather early warning, and GNSS meteorology.
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1, GIM(global ionospheric map ) % 7~ 4=
Bk HL 25 2 K ; ERAS (the fifth generation ECMWFE
atmospheric reanalysis) 7R 55 T4 42 Bk K55
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